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Objectives. We investigated the relationship between body size,
body composition and left ventricular mass (LVM) in adults, and
assessed the impact of different indexations of LVM on its
associations with gender, adiposity and blood pressure.
Background. The best way to normalize LVM for body size to
appropriately distinguish physiologic adaptation from morbid
heart morphology was discussed.
Methods. We undertook a community survey of 653 men and
718 women, aged 25 to 74 years. Lean body mass (LBM) was
determined by bioelectric impedance analyses and LVM was
assessed by two-dimensional guided M-mode echocardiography.
Results. After traditional indexations to body height, body
height2.7, or body surface area, men had higher LVM than women
(p < 0.001). These gender differences disappeared (p > 0.05)
when LVM was indexed to LBM. The type of indexation also
modified the strength of the association between adiposity and
LVM. The estimated impact of body fat on LVM indexed to LBM
was less than half that obtained with traditional indexations. In
contrast, the magnitude of the associations of blood pressure with
LVM was entirely independent of the type of indexation.
Conclusions. This study showed the prominent influence of
body composition on adult heart size. Indexation for LBM re-
moved gender differences for LVM and reduced the impact of
adiposity, but left the effects of blood pressure unchanged. We
suggest that this approach be used for clinical and research
applications.
(J Am Coll Cardiol 1998;32:451–7)
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Increases in left ventricular mass (LVM) and left ventricular
hypertrophy (LVH) are independent and strong predictors of
cardiovascular morbidity and mortality (1–7). The occurrence
of LVH is determined by blood pressure levels (8–10) and
overweight, either alone or with hypertension (11–16). A
number of reports have concluded that the influence of obesity
on LVM may even exceed that of hypertension (15,17,18).
However, the complex relations between body size, body
composition and physiologic adaptation of the heart make the
assessment of abnormal LVM a difficult task (19,20). Compar-
ative studies have suggested that heart size follows body
growth to accommodate the greater metabolic demands of
larger bodies. Although lean body mass (LBM) largely deter-
mines LVM in children irrespective of gender (21), the LVM
differences of male and female adults seems to be explained by
“physiologic” cardiac hypertrophy in men, which occurs in
parallel to the gender divergence in body growth after puberty
(22).
There is considerable controversy over the optimal method
for normalizing LVM to body size. The indexation to body
surface area is very common (23,24), but it has been criticized
for disregarding the effects of obesity (12,20,25). Alternatively,
the indexation of LVM to body height was proposed (18,25).
Subsequent refinements introduced allometric signals to better
account for the nonlinear association of body size with LVM
(20,22,26,27). In theory, the best option is indexation to LBM
because the latter represents the fat-free body compartments
and their dominating metabolic demands (17,20,21,27,28).
Indexing to LBM should enable a better distinction of the
physiologic adaptations of LVM from morbid alterations due
to adiposity or hypertension. However, the difficulties of
validating LBM in most studies have impeded its evaluation in
adults to date.
We present data from a community-based survey of men
and women, aged 25 to 74 years, who underwent echocardiog-
raphy and bioelectric impedance analysis (BIA) for the esti-
mation of LBM. Various indexations, including that for LBM,
were evaluated in terms of their influence on the associations
of gender, adiposity and blood pressure with LVM.
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Methods
Study population. The subjects of this study participated in
the Monitoring trends and determinants in cardiovascular
disease (MONICA) Augsburg survey from October 1994 to
June 1995. The MONICA Augsburg project is part of the
international World Health Organization (WHO) MONICA
Project; its objective is to assess the trends and determinants of
morbidity and mortality of cardiovascular diseases in a defined
region of Southern Germany by use of multiple, independent
population surveys and the establishment of a population-
based myocardial infarction registry. The study design, sam-
pling frame and data collection have been described in detail
elsewhere (29,30). Briefly, 6,640 individuals, aged 25 to 74
years, were randomly sampled by two-stage, age-sex stratified
cluster sampling from the population registry of the city of
Augsburg and two adjacent counties. A total of 4,856 men and
women (74.9%) of all eligible patients participated. The
present study was organized as a substudy, for which only the
2,376 participants residing in Augsburg were offered an addi-
tional echocardiographic examination. A total of 1,678 individ-
uals (substudy response 70.6%) agreed to be examined.
Interview and anthropometric measurements. Data were
obtained by interview, physical examination, BIAs, and echo-
cardiography. The interview comprised questions on the pa-
tient’s own and family medical history, life style, behavioral and
psychosocial factors, and medications used the week before the
examination. Blood pressure at rest was measured in a highly
standardized fashion (16) with random zero sphygmomanom-
eters after subjects had been sitting for at least 30 minutes.
Blood pressure was measured to the nearest even digit three
times on the right arm. The mean of the second and third
measurements were used for this study. Body height and
weight were measured in light clothing with calibrated stadi-
ometers and balance scales. Height was measured at 0.5 cm
and weight at 0.5 kg intervals. Body mass index (BMI) was
calculated as weight in kilograms divided by height in meters
squared (kg/m2).
Bioelectric impedance analyses. Lean body mass was de-
termined by measurement of bioelectric impedance with a
Body Composition Analyzer TVI-10 (Danninger Medical
Technology, Heidelberg, Germany). Bioelectric impedance
analyses were performed under highly standardized conditions
(31) with all subjects in a supine position. All measurements
were performed with an alternating current with a frequency of
50 kHz and an amplitude of 800 mA. Tetrapolar placement of
electrodes was used (32). Bioelectric impedance analysis was
based on the resistance of body tissue to the flow of an applied
alternating current. The LBM of men and women was calcu-
lated from equations containing the resistance (in ohms), age,
body height and body weight.
We employed two formulas obtained from the validation
studies of Segal et al. (33) in United States adults, aged 17 to
62 years, using densitometry as the reference method, and in
adult Danes aged 35 to 64 years, by Heitmann (34), who used
a four-compartment model to estimate LBM in kilograms.
Body fat was calculated after subtraction of LBM from total
body weight in kilograms. There were hardly any differences
between the two methods in terms of estimated mean values of
LBM and its sample variation. We selected the Heitmann
equations (34) for the present analyses, because in our sample
the correlations of LBM, body fat and relative body fat with
age and BMI were slightly more consistent for men and women
than the formulas of Segal et al. (33). Analyses of the intra-
and interobserver variability of BIA measurements indicated a
high reliability with coefficients of variation consistently below
1% (31).
Echocardiographic measurements. Two-dimensional
guided M-mode echocardiograms were performed by two
expert sonographers (M.M., U.B.) using the Sonos 1500
(Hewlett Packard Inc., Andover, Massachusetts) M-mode trac-
ings were recorded on strip chart paper at 50 mm/s. All
M-mode tracings were analyzed by a single cardiologist (M.M.)
who was unaware of the clinical data. Measurements were
made according to the Penn convention and LVM was calcu-
lated as described by Devereux and Reichek (23) as:
LVM (in grams) 5 1.04 [(LVED 1 SWT 1 PWT)3 2 LVED3] 2 13.6,
where LVED is the left ventricular end-diastolic diameter,
SWT is the septal wall thickness and PWT is the posterior wall
thickness (each given in millimeters). The rank correlation for
144 duplicate LVM measurements of the two sonographers
was 0.91. Bland-Altman plots (35) revealed a mean difference
(systematic bias) between both observers of 0.9 g with a SD of
10.8 g.
Statistical analyses. Men and women were compared with
respect to the mean values and SDs of their anthropometric
characteristics, i.e., body weight, body height, LBM, body fat,
body surface area, and BMI, and in addition for age, systolic
and diastolic blood pressure and crude and indexed LVM. For
indexation, LVM was divided by body height, by body surface
area (36), by body height to the power of 2.7 and 2.0, and by
LBM. Differences between men and women in crude and
indexed LVM were assessed in 10-year age groups and overall
by means of t tests. Additionally, multivariate linear regression
analyses were computed using the data of male and female
study subjects to estimate gender differences in crude and
indexed LVM, adjusting for age, body fat and systolic blood
pressure. Correlation analyses evaluated the strength of the
linear associations of the anthropometric factors and systolic
and diastolic blood pressure with crude and indexed LVM.
Partial correlation coefficients, controlling for age, are re-
ported for men and women. Furthermore, multivariate linear
Abbreviations and Acronyms
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regression analyses were performed separately in men and
women; these included age, body fat and systolic blood pres-
sure as independent and crude and indexed LVM as depen-
dent variables. Estimations for LVM changes associated with
increased body fat and systolic blood pressure by 1 SD were
obtained from these multivariate analyses. The results provide
an impression of the quantitative impact that body fat and
systolic blood pressure exert on LVM in men and women
based on their variability in this population. Left ventricular
mass changes are expressed as absolute values and as a
percentage of the respective mean values.
Results for the indexation of LVM to height2.7 and height2.0
were very similar in our study and only data indexed to
height2.7 are presented. Likewise, because systolic blood pres-
sure showed the stronger and more consistent associations with
LVM than diastolic or mean blood pressure, multivariate
analyses were run with systolic blood pressure only. All anal-
yses were carried with the SAS System for Windows Release
6.10 (Carey, North Carolina).
Results
Baseline characteristics. Baseline characteristics of the
study sample are given in Table 1. In the absence of age
differences, men had higher average values for body height,
body weight, body surface area, BMI and LBM, whereas body
fat was significantly higher in women. Men had also higher
mean blood pressure values. Hypertension was more common
in men (systolic $ 140 mm Hg or diastolic $ 90 mm Hg; 42.5%
of men vs. 30.5% of women, p , 0.001), whereas the propor-
tion of men and women taking antihypertensive medications
were similar (16% vs. 18%, respectively).
Indexation and gender differences. The unindexed mass of
male left ventricles was substantially greater than in females
(Table 2). Indexations of LVM to height, to height2.7 or to
body surface area resulted in attenuations of this gender
difference. Expressed in relative terms, the male–female dif-
ference for crude LVM was greatest with 28.9%, whereas the
most pronounced reduction was achieved with indexation to
height2.7. Nevertheless, gender differences remained quantita-
tively substantial, highly statistically significant and unaltered
by additional adjustment for age, body fat and systolic blood
pressure. On the other hand, indexation of LVM to LBM
reduced male to female differences to marginal, nonsignificant
amounts (0.9 g/10 kg of LBM or 2.7%, p 5 0.09), which
persisted after multivariate adjustments (Table 2). Analyses by
10-year age group revealed that significant differences between
men and women occurred at any age with conventional index-
ations in univariate and multivariate analyses (Fig. 1). In
contrast, gender differences for the LBM indexation were
significant only in the youngest age group; these were elimi-
nated after control for blood pressure differences.
Indexation and the associations with adiposity and hyper-
tension. Partial correlation coefficients, controlled for age,
were compared to investigate how the type of indexation
affected the associations of LVM with measurements of body
size, body composition and blood pressure (Table 3). Crude
LVM showed strong and positive correlations with all variables
considered. Indexation to height affected correlations with
weight, body fat and BMI only moderately. Likewise, index-
ation to height2.7, although attenuating the strength of the
associations with weight and body fat, was identical with crude
LVM in respect to the association with BMI. In contrast,
indexation to LBM quite effectively reduced the correlations of
LVM with any of the measurements of body size and compo-
sition in both men and women. Interestingly, LVM indexation
Table 1. Means and SDs of Anthropometric Measurements and
Blood Pressure (BP), by Gender
Men
(n 5 653)
Women
(n 5 718)
Male–Female
Difference
Mean SD Mean SD (p Value)
Age (yr) 49.6 13.9 49.3 13.6 0.80
Body height (m) 1.75 0.62 1.62 0.65 ,0.001
Body weight (kg) 82.1 10.7 68.5 11.8 ,0.001
Body surface area (m2) 1.97 0.14 1.72 0.14 ,0.001
BMI (kg/m2) 26.8 3.3 26.3 4.7 ,0.01
LBM (kg) 59.9 5.5 43.8 4.4 ,0.001
Body fat (kg) 22.1 6.8 24.7 9.0 ,0.001
Systolic BP (mm Hg) 135.9 18.6 129.7 20.3 ,0.001
Diastolic BP (mm Hg) 82.7 11.5 78.1 11.1 ,0.001
Table 2. Mean Values and SDs of Unindexed and Indexed Left Ventricular Mass (LVM) by Gender, and Absolute and Relative
Gender Differences
Measures of LVM
Men
(n 5 653)
Women
(n 5 718) Male–Female Difference
Mean SD Mean SD Absolute
Relative*
(%)
Adjusted†
absolute
p
Value‡
LVM unindexed (g) 201.1 60.7 142.9 46.5 58.2 28.9 62.8 0.0001
LVM indexed to height (g/m) 115.1 35.2 88.6 29.5 26.5 23.0 28.6 0.0001
LVM indexed to height2.7 (g/m2.7) 44.7 14.4 39.4 14.0 5.3 11.9 5.9 0.0001
LVM indexed to body surface area (g/m2) 101.9 28.8 82.7 24.3 19.2 18.8 19.2 0.0001
LVM indexed to LBM (g/10 kg) 33.6 9.9 32.7 10.3 0.9 2.7 0.9 0.06
*Difference expressed as percentage of male mean ([men–women]/men). †Adjusted for age, body fat and systolic blood pressure by multivariate linear regression
analysis. ‡p Value of gender term in the above multivariate model.
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to body surface area resulted in partial correlations that were
similar to those obtained with LBM (Table 3).
Of note, comparisons of the correlations between indexed
LVM and systolic or diastolic blood pressure demonstrated
that all coefficients were of equal magnitude and, therefore,
apparently independent of the type of indexation. Stronger
associations were found in men and women with systolic rather
than with diastolic blood pressure (Table 3).
The LVM changes in response to increased body fat or
systolic blood pressure by 1 SD were estimated separately for
men and women from multivariate regressions controlling for
age (Table 4). The results are expressed in absolute and
relative terms. Although the predicted impact of body fat was
most pronounced on crude, height and height2.7 indexed LVM
(between 10.3% and 14.8% of the sample mean values), the
indexations to LBM, as well as to body surface area, reduced
Figure 1. Mean LVM indexed to
height, height2.7, body surface area and
LBM, by 10-year age groups in men
and women. *p , 0.001 men versus
women.
Table 3. Partial Correlation Coefficients (r), Controlled for Age, of Body Size, Body Composition and
Blood Pressure With Unindexed and Indexed Left Ventricular Mass (LVM)
Variables
LVM
Unindexed (g)
LVM Indexed
to Height
(g/m)
LVM Indexed
to Height2.7
(g/m2.7)
LVM Indexed
to Body
Surface Area
(g/m2)
LVM Indexed
to LBM
(g/10 kg)
r r r r r
Men
Body weight (kg) 0.43* 0.38* 0.28* 0.21* 0.16*
Body height (m) 0.15† 0.03 20.16* 20.02 20.07
LBM (kg) 0.37* 0.29* 0.15* 0.14* 0.06
Body fat (kg) 0.43* 0.41* 0.35* 0.23* 0.22*
BMI (kg/m2) 0.41* 0.42* 0.42* 0.25* 0.23*
Systolic BP (mm Hg) 0.23* 0.25* 0.27* 0.25* 0.26*
Diastolic BP (mm Hg) 0.16* 0.16* 0.16* 0.13* 0.13*
Women
Body weight (kg) 0.52* 0.48* 0.39* 0.27* 0.24*
Body height (m) 0.11† 0.01 20.22* 20.06 20.12*
LBM (kg) 0.46* 0.38* 0.22* 0.21* 0.13*
Body fat (kg) 0.49* 0.48* 0.44* 0.27* 0.26*
BMI (kg/m2) 0.48* 0.50* 0.52* 0.30* 0.30*
Systolic BP (mm Hg) 0.28* 0.29* 0.29* 0.27* 0.28*
Diastolic BP (mm Hg) 0.22* 0.22* 0.20* 0.19* 0.17*
*p , 0.001; †p , 0.01. BP 5 blood pressure.
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the impact of body fat to less than half (5.1% to 6.7%).
Moreover, the multivariate analyses confirmed that the esti-
mated impact of blood pressure on LVM were the same
irrespective of the indexation applied, ranging from 5.3% to
6.7% in men and from 6.9% to 7.9% in women. It has to be
noted that the relative affect of adiposity and blood pressure on
LVM were of similar size after indexation to LBM and body
surface area, whereas the estimated effect of adiposity ex-
ceeded that of blood pressure substantially with the other
indexations.
Exclusion of treated hypertensives. To account for poten-
tial confounding of the observed associations by use of antihy-
pertensive medication, we excluded all pharmaceutically
treated hypertensive patients (104 men and 129 women) from
the analyses. The results did not change materially. Similar to
what was demonstrated in Table 4 for all study subjects, the
impact per 1 SD of body fat, which was as high as 9.7% of the
unindexed LVM mean in men and 13.9% in women, was now
reduced by the LVM/LBM ratio to 3.1% in men and to 6.5%
in women. Of note, the impact of systolic blood pressure again
remained unaffected by indexation and ranged from 6.1% to
8.0% in men and from 7.1% to 8.2% in women.
Discussion
This study shows that cardiac mass is similar in adult men
and women once their differences in fat-free body mass are
taken into account. Based on normalizations for LBM, previ-
ously reported associations of adiposity with cardiac mass
appear markedly overestimated. In contrast, the strength of
the relation of blood pressure with LVM is unaffected by
different types of indexation. The results suggest that body size
and composition are basic determinants of heart size in adults,
that their effects are similar in men and women and that the
mode of its analytic consideration, by means of different
options for indexation, has a prominent influence on the
observed strengths of associations. In fact, the simple LVM/
LBM ratio was effective in removing residual effects of body
size and composition present in conventional indexations of
LVM without impairing the relation to hypertension.
Measurements of lean body mass. We employed BIA to
estimate LBM values in this population sample. The BIA
method is a rapid and easily applicable technique based on
measurements of electrical resistance (31,32) and was vali-
dated in the past against a variety of more laborious techniques
(32,33,37–39). Studies in children and adults have shown that
BIA can be validly applied to assess body composition in
epidemiologic studies if proper consideration is given to
population-specific characteristics (40). We selected the BIA
equation of Heitmann (34) because it had been derived in a
population-based sample from a Danish MONICA commu-
nity. The ranges of LBM found in this study were very
comparable to our study, ranging in men from 46 to 83 kg and
in women from 35 to 64 kg. The respective ranges in MONICA
Augsburg, which also included the age range 25 to 34 years,
were 42 to 78 kg and 32 to 58 kg. We further suggest that
genetic background and dietary factors, each likely determi-
nants of LBM, can be validly assumed not to be extremely
diverse in these two populations. Second, the range of LBM
and the results obtained with this equation were plausible and
consistent: differences in body build of men and women were
indicated by significantly higher male LBM levels and higher
average body fat level as well as proportionate body fat mass
(35.0% vs. 26.4% in males, p , 0.01) in females. These
relations are consistently found in population studies (41–43)
and support our assumption that BIA produced valid assess-
ments of body composition in our analyses.
Body size, body composition and indexation of left ventric-
ular mass. Studies that monitored normal growth of hearts
from childhood into adulthood have revealed that cardiac size
follows body growth and its metabolic demands (20,22,44,45).
Thus, physiologically adequate increases of heart size in re-
sponse to body requirements must be distinguished from
morbid rises of LVM. Due to the lack of appropriate data on
Table 4. Changes in Left Ventricular Mass (LVM) Associated With an Increase of 1 SD in Body Fat (adiposity) or Systolic Blood Pressure
(BP) Results Are Expressed as Absolute Changes With 95% Confidence Intervals and as Relative Changes
Predictor variables
LVM Unindexed LVM Indexed to Height
LVM Indexed to
Height2.7
LVM Indexed to Body
Surface Area LVM Indexed to LBM
Absolute*
(g)
Relative†
(%)
Absolute*
(g/m)
Relative†
(%)
Absolute*
(g/m2.7)
Relative†
(%)
Absolute*
(g/m2)
Relative†
(%)
Absolute*
(g/10 kg)
Relative†
(%)
Men (n 5 653)
Body fat 24.6 12.2 13.1 11.4 4.5 10.3 5.8 5.7 1.7 5.1
(1 SD 5 6.8 kg) (20.2–28.8) (10.7–15.5) (3.5–5.5) (3.7–7.9) (1.0–2.4)
Systolic BP 10.6 5.3 6.7 5.8 3.0 6.7 6.2 6.1 2.2 6.5
(1 SD 5 18.6 mm Hg) (6.4–14.8) (4.3–9.1) (2.0–4.0) (4.2–8.4) (1.5–2.9)
Women (n 5 718)
Body fat 21.1 14.8 12.7 14.3 5.3 13.5 5.4 6.5 2.2 6.7
(1 SD 5 9.0 kg) (18.2–24.0) (10.9–14.5) (4.4–6.2) (3.7–7.1) (1.6–2.8)
Systolic BP 9.9 6.9 6.5 7.3 3.1 7.9 6.0 7.3 2.4 7.3
(1 SD 5 20.3 mm Hg) (6.7–13.1) (4.5–8.5) (2.2–4.0) (4.2–7.8) (1.7–3.1)
*Results are derived from multivariate linear regression models containing age, body fat and systolic blood pressure. †Absolute change expressed as percentage
of the respective LVM mean.
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body composition, previous attempts to normalize LVM for
body size were inadvertently restricted to indicators of body
frame, that is, to body surface area, body height, or exponen-
tials of body height (18,22–25,27). However, there is a consid-
erable variability in LBM at a given body frame that arises as
a result of individual differences in, for example, muscle mass.
Moreover, disregarding body composition is particularly prob-
lematic in middle-aged and elderly individuals where estima-
tions based on body frame are increasingly modified by intra-
abdominal adiposity and loss of muscle mass (41,43).
We employed the simple ratio of LVM over LBM for
indexation in this study because this ratio reflects the mathe-
matical first-power relation between heart size and LBM
(20,44,45). A residual positive correlation coefficient of 0.13
between LBM and the LVM/LBM ratio in women appears to
indicate that this assumption of linearity is strictly fulfilled only
in men. On the other hand, these residuals were so weak that
exponentiation of LBM in women did not notably change
results.
Gender and adult heart size. In the general population,
men have on average larger hearts than women (by 63 g in this
study, Table 2). It has been shown that heart size differs only
marginally between boys and girls in early childhood and that
heart size begins to diverge only after puberty in response to
differentials in body growth (26). The authors suggested that
male heart size may represent physiologic “hypertrophy” in
adaptation to body size. Nevertheless, in most studies, index-
ations of LVM to body weight, height, exponentials of height,
or body surface area were unable to remove all of the gender
differences for LVM, leaving open the question whether
unidentified factors add to male heart sizes.
Our results indicate that heart sizes of adult men and
women are indeed very similar when an appropriate normal-
ization for body size is applied. Moderate, but significant
elevations of the LVM/LBM ratio in younger men (Figure 1),
disappeared after adjustment for the higher blood pressure of
males in this age range. Thus, use of the LVM/LBM ratio
reveals that the hearts of men and women, despite their
markedly different absolute weights and masses, have a similar
size in relation to the metabolic demands of their bodies. This
finding may render new perspectives on previously reported
influences of gender on LVM (11,15,17,46,47) and, in partic-
ular, on the common use of gender specific partition values for
LVH (24).
Adiposity and left ventricular mass. The most striking
inconsistencies were observed when the relative impact of
adiposity, assessed in this study as body fat, on LVM was
analyzed. Traditional indexations of LVM resulted in an
overestimation of the influence of adiposity. This was particu-
larly true for the indexation to height and height2.7. Interest-
ingly, the indexation to body surface area, which has been
criticized for disregarding the affect of obesity (12,18,25),
produced results for the affect of adiposity on LVM that were
very close to those found after indexation to LBM.
Evidence from observational studies (9,11) and clinical
trials (48) seems to support a causal role of adiposity for the
development of LVH. Nevertheless, its contribution relative to
that of arterial hypertension is still unclear. We present data
that allow a quantitative estimation of the impact that adiposity
has on LVM in the general population. In contrast to other
studies (11,15,47), adiposity seems to influence LVM in both
men and women to a similar degree. Moreover, the magnitude
of its impact is barely different from that of blood pressure if
indexations to LBM or to body surface area are applied.
Indexations of LVM for height or height2.7 tend to inflate these
estimates to about twice the size of the blood pressure effect.
Blood pressure and left ventricular mass. Interestingly,
indexations had no influence on the association of systolic or
diastolic blood pressure with LVM in this study. This may
indicate that the effects of blood pressure elevation on ventric-
ular morphology are completely dissociated from those occur-
ring as physiologic adaptations to body size or in response to
adiposity. The LVM/LBM ratio seems to effectively distinguish
the different component causes that have an impact on LVM.
Study limitations. This study is cross sectional by design
and, therefore, does not allow the evaluation of prognostic
implications of the proposed indexation to LBM. However, it
may be very appealing to investigate how the LVM/LBM ratio
affects previously reported influential survival differences be-
tween men and women with conventionally defined LVH (6).
Lack of data on physical activity in this study also prohibited
investigation of the important question of how exercise affects
LBM and its relation with LVM. Furthermore, the BIA
equation used in this study cannot be assumed to be universally
applicable in other populations. The usefulness of our results
for clinical practice may also appear limited because, to date,
measurements of LBM are only rarely available. However,
commercial devices are being developed in increasing numbers
and studies have been conducted to assess their validity (33).
Therefore, the introduction of the BIA technique may offer an
attractive option to improve the clinical interpretation of
echocardiographic measurements of LVM.
Conclusions. The results of this study indicate that the
heart size of adults in the general population is mostly deter-
mined by body size and body composition. Indexation of LVM
to LBM appropriately accounts for this. Use of the LVM/LBM
ratio removes gender differences, reduces the overestimated
impact of adiposity and leaves the effects of blood pressure on
LVM unchanged. We suggest that the LVM/LBM ratio be
considered for the generation of normative values of LVH and
for the clinical evaluation of echocardiographic measurements
of LVM. Most importantly, however, its superiority over other
indexations has to be ultimately confirmed in prospective
studies investigating the prognosis of abnormal LVM.
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